Objectives. We assessed whether asthma is associated with urban children's use of special education services.
Because low-income urban children are more likely to experience higher levels of asthma morbidity, these results suggest that they are at a higher risk of school and learning difficulties as well. 7 A study conducted in New
York City showed that 40% of parents enrolled in an asthma management program reported school problems among their asthmatic children. 8 However, the researchers did not define what they considered to be "school problems," nor did they examine other factors associated with such problems. In New York City, approximately 163 000 students are enrolled in some form of special education. 9 Special education services range from a period of extra help in a resource room program during the school day to fully segregated special education classrooms. Children enrolled in special education generally exhibit worse academic outcomes than their general education counterparts. For example, only 44% of fourth graders in special education achieved a score of proficient or higher on the 2005 New York State mathematics examination, compared with 77.4% of general education students. 10 Our objective was to assess the relation between asthma among urban children and enrollment in special education in New York City public elementary schools. We also sought to examine the socioeconomic and disease-related factors associated with enrollment in special education programs among asthmatic children living in this urban area.
METHODS
We conducted a cross-sectional study in randomly selected New York City public elementary schools during the [2002] [2003] school year in an attempt to determine asthma prevalence in those schools. 11 Information on School-based cohorts and school-related outcomes are important to understanding the epidemiology of disease in children 5 to 12 years of age. One highly prevalent disease among schoolchildren is asthma. Asthma is the most common chronic childhood disease in the United States, and it is the leading cause of school absences. 1 It has been estimated that health care expenditures are almost 3 times as high among children with asthma as among children without the disease. 2 In addition, asthma severity, low family income, and non-White race/ethnicity have been associated with increased asthmarelated costs to both families and managed care companies as a result of increased use of health care services. 3 However, cost estimates do not take into account expenditures associated with special requirements associated with the education of asthmatic children. School absences and other effects of asthma may lead to children requiring special education services, compounding asthma-related costs. The average yearly cost per special education student in New York City for the 2001 school year was $28 810, compared with $8944 for the average general education student. 4 Compounding this situation is the fact that once children are placed in special education, it is unlikely that they will enter or reenter the general education environment. Although the reasons are unclear, New York City has the lowest rate of reentry of special education students in the state, regardless of disability.
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Children are enrolled in special education for a number of reasons. For example, in New York, students are eligible to receive special education services if their educational performance is adversely affected by a state-recognized disability such as autism, hearing impairments, emotional disturbances, learning disabilities, mental retardation, orthopedic impairments, speech or language impairments, traumatic brain injuries, or visual impairments.
children's use of special education services was obtained as part of the study.
Study Design/School Selection
To ensure that schools with different asthma rates were included in the study, we calculated asthma hospitalization rates for the year 2000 among children aged 5 to 12 years in each of New York City's residential zip code areas using data obtained from the New York State Statistics Planning and Areawide Research Council database and the methodology described in a previous study. 12 We then used these hospitalization data to order and stratify the zip code areas into 15 groups approximately equal in size. The areas with the highest, median, and lowest childhood asthma hospitalization rates were selected for inclusion in the study. The highest group comprised zip code areas with hospitalization rates ranging from 86.3 to 163.2 per 10 000 children; the median group comprised areas with hospitalization rates ranging from 28.9 to 35.7 per 10 000 children; and the lowest group comprised areas with hospitalization rates ranging from 0 to 4.99 hospitalizations per 10 000 children.
Enrollment data from the 2001-2002 school year for public elementary schools located within each of the 3 zip code-defined groups just described were obtained from the New York City Department of Education. Magnet schools and other schools of choice were not included, because children attending these schools often do not live in the same neighborhood as the school. These listings were used to randomly select 1 school in each zip code area in the 3 groups via probabilityproportional-to-size methodology (SAS 9.0; SAS Institute, Cary, NC). This school then became eligible to participate in the study. We selected 26 schools overall, 8 each from the high and median groups and 10 from the low childhood asthma hospitalization rate group. We oversampled in the low group to compensate for the expected lower asthma prevalence rates in these areas. Two schools, one in the low and one in the median group, in which no students were enrolled in special education, were excluded from the analyses.
Within each school, 2 classrooms at each grade level (kindergarten through grade 5) were randomly selected to take part in the study. Two full-time special education classrooms per school were also included in the study when possible. In each classroom, students were given questionnaires to take home and be completed by a parent or guardian. Children and teachers were given nominal incentives, consisting of school supplies, to encourage participation.
Questionnaire
The questionnaire was adapted from one used in an earlier study of asthma prevalence in a New York City public elementary school. 13 It contains standardized questions on demographics, household environment, and asthma symptoms from the International Study of Asthma and Allergies in Childhood.
14 Parents or guardians of asthmatic children also answered questions on symptom frequency during the previous 2 weeks, use of medical services, school absences, insurance status, and medication use in the previous 2 weeks.
Classification of Children With Asthma
Children were identified has having a history of asthma if their parent or guardian answered yes to the following question: "Have you or your child ever been told by a doctor or a nurse that he/she has asthma?" Children were classified as currently having asthma if their parent or guardian also answered yes in response to "In the last 12 months, has your child had wheezing in the chest?" Analogous questions were posed to document a physician's diagnosis of allergies and chronic bronchitis. The presence of asthma-related symptoms without an asthma diagnosis was also assessed via questions from the International Study of Asthma and Allergies in Childhood inquiring about history of wheezing, wheezing in the previous 12 months, and nighttime symptoms that disturb sleep. 14 
Classification of Special Education Students
Children were classified as receiving special education services if their parent or guardian answered yes to the following question: "Does your child currently attend special education classes either part time or full time?" If a child's parent or guardian answered yes to this question but the child was not in a previously designated full-time special education classroom, the child was classified as receiving "part-time" special education services. All children who were enrolled in full-time special education classrooms were classified as such.
Data Analysis
We weighted the data to represent the number of children attending public elementary schools within each selected zip code area according to school enrollment data from the 2001-2002 school year, the most recent enrollment data available at the time the study was conducted. We calculated descriptive statistics for demographic characteristics and prevalence estimates using SAS Survey procedures. These methods accounted for the sampling design's clustering by school and stratification by neighborhood asthma hospitalization rate.
The SVY commands in Stata 8.0 (Stata Corp, College Station, Tex) were used in making asthma prevalence comparisons between children in general education and children in special education. These commands calculated test statistics (χ 2 statistics for categorical variables and Wald test values for continuous variables) corrected for the study's design. Univariate associations between use of special education services and demographic factors were calculated according to the same procedures. Using Stata software, we calculated adjusted odds ratios (ORs) in a logistic regression model, constructed via manual backward elimination, that accounted for the sampling design. All factors shown by the univariate analyses to be associated with use of special education services were initially included in the model. Significance was determined at the P <.05 level. To identify risk factors that might contribute to the association between special education and asthma outcomes, we created additional models using measures of asthma morbidity as the dependent outcome variables with enrollment in special education entered as an indicator variable. Again, we used manual backward elimination in constructing these models.
RESULTS
Results from 4899 usable questionnaires were analyzed. After adjustment for the *P < .01; **P < .001 (for comparison between general education and overall special education).
average absence rate of the schools included in the study, 15 the response rate was 76.9%.
Among children enrolled in full-time special education classes, the response rate was 70.0%.
Study Sample Demographics
The data showed that selected schools were representative of their surrounding neighborhoods. The ethnic backgrounds of the student populations of 22 of the 24 schools included were closely similar to the backgrounds of the surrounding zip code areas. In addition, our overall sample was comparable to the overall New York City elementary school population in terms of demographic characteristics.
The apparent discrepancy in the percentage of African Americans (24% in our sample vs 32.7% in New York City as a whole; P < .001) can be explained by differences between our racial/ethnic categorization and the one used by the New York City Department of Education. New York City Department of Education data do not include a multiracial category, and the "other" race/ethnicity category refers only to Native Americans. In contrast, one third of the "other" race/ethnicity category in our sample consisted of multiracial children of African American descent or children of African descent. Almost 4% of our sample did not specify a racial/ethnic category. Also, male students were underrepresented in our sample (46.6% vs 51.3% in New York City as a whole; P < .001).
The parents or guardians of approximately 8% of the overall study population reported that their children received either part-time or full-time special education services. Table 1 presents a comparison of the demographic characteristics of special education and general education students. Children receiving special education services were more likely to be older and male, to live in low-income households, and to have a caregiver with less than a high-school education. In terms of overall racial/ethnic composition, special education students were not significantly different from the general school population, although African Americans were underrepresented in the special education population.
Asthma Prevalence
We calculated asthma prevalence estimates for both special education students (full time as well as part time) and general education students ( Table 2 ). The highest prevalence of both a history of asthma and current asthma were observed among full-time special education students, followed by part-time special education students and the general education population. Overall, asthma prevalence was significantly higher among special education students than among the general education population. Among students without an asthma diagnosis, there were no significant differences between special and general education students in prevalence of allergies or chronic bronchitis or asthma-related symptoms such as wheezing (Table 2) .
After adjustment for age, gender, ethnicity, income, and exposure to environmental tobacco smoke in the home, students with asthma were more than 60% as likely as students without asthma to be enrolled in special education (P = .002; Table 3 ). Overall, Hispanic students had the greatest risk of enrollment in special education (OR = 1.88; 95% confidence interval [CI] = 1.17, 3.04). Parents' educational level was not significantly associated with enrollment in special education and was excluded from the final model.
To assess the temporal relationship between an asthma diagnosis and placement in special education, we constructed another model that focused only on children who had been diagnosed with asthma before entering school (before their fifth birthday). Thus, this model included only children placed in special education after receiving an asthma diagnosis. As revealed in the analysis that included all children, there was a significant association between asthma and enrollment in special education in this group as well (OR = 1.52; 95% CI = 1.19, 1.95).
Characteristics of Asthmatic Students Enrolled in Special Education
Asthmatic children enrolled in special education were older (8.86 years vs 8.1 years; P = .002) and more likely to live in households with annual incomes below $20 000 (61.0% vs 38.5%; P = .035) than were students in the general school population. We found no significant differences in racial/ ethnic backgrounds between asthmatic children in special education and asthmatic children in the general population. In addition, there was no significant difference between the 2 groups in average age of asthma diagnosis (general education students: 34.1 months; special education students: 31.4 months).
Data on differences in aspects of asthma management between asthmatic children enrolled in special education and those in the general population are presented in Table 4 . Hospitalization because of asthma in the previous 12 months, an indicator of poor asthma control, was reported among 3 times as many children in special education as among general education students. Special education students were 15% less likely than general education students to use a spacer (a tubelike chamber that attaches to inhalers and helps deliver medication to the lungs) and half as likely to use a peak flow meter (a device that measures the ability of the lungs to push out air), both beneficial asthma management devices.
Although the percentages of children missing school during a given 2-week period as a result of asthma were similar, special education students missed, on average, an additional day of school relative to asthmatic children in the general population. Also, special education students were more likely to use medications during school hours, leading to missed class time, although this finding was not statistically significant.
African American or Hispanic race/ethnicity and living in a household with an annual income below $40 000 were independent risk factors for use of urgent care emergency department services. However, enrollment in special education did not predict emergency department or hospital use after adjustment for ethnicity and income (OR = 0.90; 95% CI = 0.41, 1.97). Enrollment in an asthma management or asthma education program was associated with increased use of peak flow meters among all children, regardless of whether they were receiving special education services (OR = 5.41; 95% CI = 2.43, 12.00).
Results revealed that race/ethnicity, household income, and other socioeconomic variables did not predict medication or spacer use among children in either general or special education. Similarly, we found no significant difference between asthmatic children in special education and those in the general population in number of symptoms reported during the previous 12 months or the previous 2 weeks, nor did we find any significant differences in current medication use.
DISCUSSION
Our primary finding was that children with asthma were 60% more likely to be enrolled in special education than children without asthma after adjustment for ethnicity, income, and other demographic factors. Our results suggest that inadequate asthma control may contribute to increased placement of children in special education.
Inadequate Asthma Control and Special Education Enrollment
This study shows that children with asthma who were enrolled in special education were  RESEARCH AND PRACTICE  significantly more likely to have been hospitalized in the previous 12 months than other asthmatic children and were also more likely to have visited an emergency department in the previous 12 months as a result of asthma symptoms. According to guidelines issued by the National Heart, Lung, and Blood Institute, a goal of proper asthma care is eliminating or at least reducing emergency room visits. 16 We also found that low-income asthmatic children, who have been shown to have inadequate asthma control, 17 were more likely to be enrolled in special education. Our findings support the possibility that children whose asthma is not under control are more at risk than children whose asthma is under control of suffering learning difficulties that result in special education enrollment. Use of asthma management devices, such as peak flow meters and spacers, was less common among asthmatic children in special education than among asthmatic children in general education. Many studies have linked the use of asthma management devices to improved child health outcomes in that these devices increase disease awareness and monitoring and ensure proper medication delivery. 18, 19 Yet, these devices are often not used in low-income, urban populations, contributing to asthma exacerbations. 20, 21 Inadequate asthma control among asthmatic children in special education is not only attributable to improper asthma management. For example, urban children are more likely to be exposed to environmental triggers, such as diesel exhaust, that can exacerbate their asthma and lead to emergency department visits and hospitalizations. [22] [23] [24] Another marker of inadequate asthma control is chronic absenteeism. Several studies have documented increased absenteeism among asthmatic children. 1, 7, 25, 26 Chronic absenteeism, for any child, can lead to greater risks of grade failure. 27 Thies found that children with asthma were more likely to have multiple brief absences as opposed to prolonged absences from school; these types of absences accumulate over time, making it increasingly difficult for a child to catch up and then keep up academically with the rest of the class. 28 We found that children with asthma who were enrolled in special education were absent an average of 1 day more during a given 2-week period than children with asthma in the general school population. This result was not statistically significant and may not have fully accounted for the marked increase in asthmatic children's risk of special education placement. However, as found by Thies, 28 these additional absences accumulate over the course of a school year, potentially creating large differences between asthmatic children enrolled in special education and those in the general school population. Another factor that may have contributed to asthmatic children being enrolled in special education was that they were more likely to take medication during school hours. Many of these children need to visit the school nurse or health office to take their medications, leading to missed class time. Our results, together with the findings of previous research, illustrate the problems of absenteeism and missed class time among asthmatic children. 29 Overall, these results point to an avenue of further research aimed at determining whether improving asthma management and control can enhance child outcomes and avoid special education placements.
Celano and Geller concluded that, because asthma and its symptoms can be managed effectively, the illness alone does not warrant placement in special education, even if a child's academic performance is lacking. 30 Yet, asthma is often not properly managed, and this is especially the case among low-income urban children. 13, 31, 32 The question arises, then, whether these asthmatic children have one of the state-recognized disabilities used by the New York Department of Education to determine special education eligibility or whether, as suggested in recent articles, there is no system, other than special education, available in public schools to deal with an uncontrolled, chronic disease such as asthma and its educational consequences. 28, 33, 34 Our results show that asthmatic children's enrollment in special education is associated with inadequate asthma management and low socioeconomic status. Because children spend so much of their time in school, there is an opportunity for public health interventions during the school day aimed at improving asthma control among children who are at risk or already experience learning difficulties.
In a previous study, Clark et al. found improvements in school performance among children enrolled in a clinic-based asthma selfmanagement program that had been transferred to the school setting. 35, 36 
Strengths and Potential Limitations
Percentages of children receiving special education services were consistent among the 3 geographic sampling strata defined according to hospitalization rates, suggesting that bias in special education referral practices related to geography or school district was not introduced into the sample. It could be suggested that children in special education are more likely to be diagnosed with asthma because they are more closely monitored by teachers and parents. If this were the case, one would expect to see a greater number of general education students with asthma-like symptoms or conditions but without an asthma diagnosis.
However, we found no significant differences among students without an asthma diagnosis in prevalence of allergies, chronic bronchitis, history of wheezing, wheezing in the previous 12 months, and evening symptoms in the previous 12 months between the general and the special education populations, making it unlikely that differential diagnosis was an issue. In addition, children in special education were more likely than children in the general school population to have a caregiver with less than a high-school education, and previous research has shown an inverse relation between parental education and risk of an asthma diagnosis.
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Conclusions
We found that urban children with asthma, especially those in families with low incomes, are more likely than children without asthma to use special education services. In addition, we found that asthmatic children enrolled in special education are more likely to have uncontrolled asthma marked by use of urgent care services and inadequate asthma management. Finally, we found that the relation between enrollment in special education and some aspects of asthma management is mediated by socioeconomic variables and participation in asthma management or education programs. Overall, our results suggest that inadequate asthma control may contribute to a
